Juvenile hormone (JH), a sesquiterpenoid synthetized by the insect corpora allata (CA), plays critical roles in metamorphosis and reproduction. Penultimate or last step of JH synthesis is catalyzed by juvenile hormone acid O-methyltransferase (JHAMT). Here we report the cloning and expression analysis of the JHAMT orthologue in the cockroach, Blattella germanica (L.) (BgJHAMT). BgJHAMT is mainly expressed in CA, with only expression traces in ovary. Three different isoforms, differing in the 3'-UTR sequence, were identified. Isoform A shows between 35 and 65 times higher expression than B and C in CA from penultimate nymphal instar and adult females. RNAi-triggered knock down of BgJHAMT produces a dramatic reduction of JH synthesis, concomitant with a decrease of fat body vitellogenin expression and basal follicle length. BgJHAMT mRNA levels in CA of females along the gonadotrophic cycle parallel, with a slight advancement, JH synthesis profile. BgJHAMT mRNA levels were reduced in starved females and in females in which we reduced nutritional signaling by knocking down insulin receptor and target of rapamycin (TOR). Results show that conditions that modify JH synthesis in adult B. germanica females show parallel changes of BgJHAMT mRNA levels and that the JHspecific branch of the JH synthesis pathway is regulated in the same way as the mevalonate branch. Furthermore, we demonstrate that nutrition and its signaling through the insulin receptor and TOR pathways are essential for activating BgJHAMT expression, which suggests that this enzyme can be a checkpoint for the regulation of JH production in relation to nutritional status. 
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55
Different factors have been involved in the regulation of JH synthesis (Goodman 56 & Cusson, 2012) . These include allatoregulatory neuropeptides (Bellés et al., 1994; 57 Verlinden et al., 2015) , biogenic amines (Pastor et al., 1991; Gruntenko & 58 Rauschenbach, 2008) , nutritional signals (Maestro et al., 2009; Abrisqueta et al., 2014) 59 and nuclear receptors (Borras-Castells et al., 2017) .
60
JH synthesis pathway can be divided in two branches. The early steps, usually 61 called the mevalonate branch, proceeds from acetyl CoA to farnesyl diphosphate. The 62 mevalonate pathway is present in plants and animals, and in insects it is present in all 63 cells (Bellés et al., 2005) . This pathway has been extensively studied because one of its 64 final products is cholesterol, a very important factor in human health. Nevertheless, JHAMT depletion with RNAi in juvenile insects produces precocious 90 metamorphosis in T. castaneum (Minakuchi et al., 2008) and in the cricket Gryllus 91 bimaculatus (Ishimaru et al., 2016) . In addition, similar treatments in adult females 92 undergo a reduction of vitellogenin mRNA in T. castaneum (Sheng et al., 2011) and in 93 the planthopper Nilaparvata lugens (Lu et al., 2016) and low JH synthesis measured in
94
CA radiochemical assay in the locust Schistocerca gregaria (Marchal et al., 2011) .
95
In the CA of B. germanica, the expressions of the enzymes of the mevalonate 96 pathway, 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) synthases 1 and 2 and HMG-
97
CoA reductase, have been previously examined because they were proposed as critical 98 regulatory points of the mevalonate pathway in vertebrates (Goldstein & Brown, 1990) . showed reduced expression levels of these mevalonate pathway enzymes (Maestro et 104 al., 2009; Abrisqueta et al., 2014) . One interesting question is whether the JH-specific 105 branch of the JH synthesis pathway is regulated in the same way as the mevalonate 106 branch. In this context, JHAMT has been proposed as one of the critical enzymes in the 107 JH-branch, thus in the regulation of JH synthesis (Kinjoh et al., 2007) 
203
The unique coded protein consists in a 272 amino acid sequence which shows 
RNAi of BgJHAMT

220
In order to confirm the involvement of BgJHAMT in JH synthesis, BgJHAMT 221 mRNA levels were reduced using systemic RNAi. Two micrograms of dsRNA 222 encompassing 326 nt in the coding region of the mRNA (see Table S1 for primer 223 sequences) were injected in adult females during the first day of oothecal transport 224 (dsJHAMT). Treatment was repeated on day 7. Then, the ootheca was removed on day 225 12 for inducing a second gonadotrophic cycle. Dissections were performed on the fifth 226 day of the second cycle. Control females were treated in an analogous way with a 227 heterologous dsRNA. RNAi treatment produced a complete depletion of BgJHAMT 228 mRNA levels, concomitant with a complete reduction of JH synthesis ( Fig. 2 A and B) . We quantified the expression of BgJHAMT in different tissues, brain, CA, fat 234 body, ovary and midgut, of 5-day old adult B. germanica females. Results showed that
235
BgJHAMT was highly expressed in CA and only trace amounts were found in ovary 236 (Fig. 3A) .
237
We also analyzed the expression of the different BgJHAMT 3'-UTR isoforms in 238 diverse tissues and developmental situations. We use a pair of primers for quantifying 239 the isoform A, a second pair of primers for quantifying isoforms B plus C (isoform B 240 could not be quantified independently because its sequence is shared by isoform C), and 241 a third pair of primers for specifically quantifying isoform C (see Fig. S1 and Table S1 ).
242
The analyzed tissues were CC-CA from 4-day old penultimate instar nymphs (N5) and 243 4-day old adult females. Results showed that in both cases, the isoform A was the most 244 expressed (around 95 % of the total expression corresponds to this isoform), and 245 isoforms B and C were expressed at a similar very low level ( Fig. 3B and C) . (day 7) coinciding with oocyte chorionation (Fig. 3D ).
254
We also examined the relationship between nutrition and BgJHAMT expression. control females (Fig. 4B and C) . enzymatic activities would first be the methylation and then the epoxidation (Hammock, 283 1975). We presume that this would also be the case in B. germanica.
284
The topology of a phylogenetic tree constructed using the aligment of the et al., 2007; Nouzova et al., 2011; Rivera-Perez et al., 2014) . This is Burtenshaw, S.M., Su, P.P., Zhang, J.R., Tobe, S.S., Dayton, L., and Bendena, W.G. Open Bio, 5, [264] [265] [266] [267] [268] [269] [270] [271] [272] [273] [274] [275] Verlinden, H., Gijbels, M., Lismont, E., Lenaerts, C., Vanden Broeck, J. and Marchal, test, **P < 0.005; ***P < 0.0001). 
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